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COLOR IMAGING APPARATUS HAVING
COLOR IMAGING ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT International
Application No. PCT/JP2012/083841 filed on Dec. 27, 2012,
which claims priority under 35 U.S.C §119(a) to Japanese
Patent Application No. 2011-286010 filed on Dec. 27, 2011.
Each of the above application(s) 1s hereby expressly imncorpo-
rated by reference, 1n its entirety, into the present application.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present mvention relates to a color 1maging element,
and particularly, to a color imaging element that can suppress
generation of color moire and 1ncrease resolution.

2. Description of the Related Art

An output image of a single-plate color imaging element 1s
a RAW 1mage (mosaic image). Therefore, a multi-channel
image 1s obtained by a process of mterpolating (demosaicing
process) a pixel of a missing color from a surrounding pixel.

The demosaicing process 1s a process of calculating all
color information of each pixel from a mosaic 1image corre-
sponding to a color filter array of the single-plate color imag-
ing element and 1s also called synchronization processing.
For example, 1n a case of an imaging element including color
filters of three RGB colors, the color information of all of
RGB 1s calculated 1n the process for each pixel from the
mosaic 1image made of RGB.

In this case, there 1s a problem in reproduction character-
1stics of a high-frequency 1mage signal. Compared to a black
and white imaging element, aliasing easily occurs 1n an image
taken by a color imaging element, and it 1s 1mportant to
expand a reproduction band to increase resolution while sup-
pressing generation of color moire (false color).

A primary-color Bayer array as a color array most widely
used 1in the single-plate color imaging element includes green
(G) pixels arranged 1n a check pattern and red (R ) and blue (B)
arranged line-sequentially. Therefore, G signals have a prob-
lem of reproduction accuracy in generation of high frequency
signals 1n oblique directions, and R and B signals have a
problem of reproduction accuracy 1n generation of high fre-
quency signals 1n horizontal and vertical directions.

A black and white vertical-striped pattern (hugh frequency
image) as shown 1n (A) portion of FIG. 21 enters an imaging
clement 1n a Bayer array shown in (B) portion of FIG. 21, and
the pattern 1s sorted into Bayer color arrays to compare the
colors. As shown 1n (C) to (E) portions of FIG. 21, R forms a
light and flat color image, B forms a dark and flat color image,
and G forms a light and dark mosaic color image. Although
there 1s no density difference (level difference) between RGB
with respect to the original black and white 1mage, the image
1s colored depending on the color array and the input ire-
quency.

Similarly, a black and white oblique high frequency image
as shown in (A) portion of FIG. 22 enters an imaging element
in a Bayer array shown in (B) portion of FIG. 22, and the
image 1s sorted imto Bayer color arrays to compare the colors.
As shown 1n (C) to (E) portions of FIG. 22, R and B form light
and flat color images, while G forms a dark and flat color
image. Assuming that the value of black 1s 0 and the value of
white 1s 2535, the black and white oblique high frequency
image turns green, because only G 1s 253.
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In this way, the oblique high frequency 1image cannot be
correctly reproduced 1n the Bayer array.

In the imaging apparatus using the single-plate color imag-
ing element, an optical low-pass filter formed by an anisotro-
pic substance such as crystal 1s generally arranged on the front
side of the color imaging element to prevent optically reduc-
ing the high frequency wave. However, although the coloring
caused by folding of the high frequency signal can be reduced
in the method, there 1s a problem that the resolution 1s reduced
accordingly.

To solve the problem, a color imaging element 1s proposed,
wherein a color filter array of the color imaging element 1s a
three-color random array satisiying array restrictions in
which an arbitrary target pixel 1s adjacent to three colors
including the color of the target pixel on four sides of the
target pixel (Japanese Patent Application Laid-Open No.
2000-308080; PTL 1).

An 1mage sensor ol a color filter array 1s also proposed,
wherein the 1image sensor icludes a plurality of filters with
different spectral sensitivity, and first and second filters
among the plurality of filters are alternately arranged 1n a first
predetermined period 1n one of the diagonal directions of a

pixel grid of the image sensor and are alternately arranged 1n

a second predetermined period 1n the other diagonal direction
(Japanese Patent Application Laid-Open No. 2003-136766;

PTL 2).

A color array 1s further proposed, wherein 1n a color solid-
state imaging element of three primary colors of RGB, sets of
three pixels including horizontally arranged R, G, and B are
arranged 1n a zigzag manner 1n the vertical direction to make
appearance ifrequencies of RGB equal and to cause arbitrary
lines (horizontal, vertical, and oblique lines) on an 1maging
plane to pass through all colors (Japanese Patent Application
Laid-Open No. 11-285012; PIL 3).

Furthermore, a color imaging element 1s also proposed,
wherein R and B among the three primary colors of RGB are
arranged every three pixels in horizontal and vertical direc-
tions, and G 1s arranged between R and B (Japanese Patent
Application Laid-Open No. 8-23343; PTL 4).

An 1imaging element 1s also proposed, wherein two G pix-
¢ls are lined up 1n each of the horizontal direction and the
vertical direction to arrange four pixels, and one on-chip lens

1s provided for the four pixel group (Japanese Patent Appli-
cation Laid-Open No. 2011-29379; PTL 5).

SUMMARY OF THE INVENTION

In the color imaging element described in PTL 1, the filter
arrays are random, and each random pattern needs to be
optimized in a demosaicing process 1n a later stage. There 1s
a problem that the demosaicing process 1s cumbersome.
Although the random arrays are etfiective for color moire 1n a
low frequency wave, the random arrays are not effective for a
false color at a high frequency section.

In the image sensor described mm PTL 2, the G pixels
(luminance pixels) are arranged 1n a check pattern. Theretore,
there 1s a problem that the pixel reproduction accuracy 1n a
limit resolution area (particularly 1n oblique directions) 1s not
excellent.

The color solid-state imaging element described in PTL 3
includes filters of all colors on arbitrary lines and has an
advantage that the generation of false color can be sup-
pressed. However, the proportions of the numbers of pixels of
RGB are equal, and there 1s a problem that the high frequency
reproducibility 1s lower than that in a Bayer array. In the
Bayer array, the proportion of the number of pixels of G that
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most contributes to obtaining luminance signals 1s twice the
proportions of the numbers of pixels of R and B.

Meanwhile, 1n the color imaging element described in PTL
4, the proportion of the number of pixels of G with respect to
the numbers of pixels of R and B 1s greater than that in the
Bayer array, but there are lines with only G pixels 1n the
horizontal or vertical direction. Therefore, the color imaging,
clement 1s not effective for the false color at a high frequency
section 1n the horizontal or vertical direction.

In the imaging element described in PTL 5, four linedup G
pixels and a set of diagonally arranged two B pixels and two
R pixels are alternately lined up. Therefore, the imaging ele-
ment 1s not effective 1n suppressing the generation of the false
color.

The present mvention has been made in view of the cir-
cumstances, and an object of the present invention 1s to pro-
vide a color imaging element that can suppress the generation
of false color and increase the resolution and that can simplity
the process of a later stage compared to the conventional
random array.

To attain the object, a color imaging element according to
an aspect of the present invention 1s a single-plate color imag-
ing element including color filters 1 a specific color filter
array, which includes first filters corresponding to a first color
with one or more colors and second filters corresponding to a
second color with two or more colors with contribution ratios
for obtaining luminance signals lower than the first color, on
a plurality of pixels formed by photoelectric conversion ele-
ments, wherein color filters of the same color are arranged on
a predetermined number of vertically and horizontally adja-
cent photoelectric conversion elements, the color filter array
includes a plurality of unit blocks, each unit block including
the color filters arranged on the predetermined number of
vertically and horizontally adjacent photoelectric conversion
clements, the color filter array includes a basic array pattern
including the unit blocks arranged 1n a square grid shape, the
basic array pattern 1s repeatedly arranged in a horizontal
direction and a vertical direction, one or more first filters are
arranged 1n each line 1n the horizontal, vertical, upper right,
and lower right directions of the color filter array, one or more
second filters corresponding to each color of the second color
are arranged in each line 1n the horizontal and vertical direc-
tions of the color filter array, and a proportion of the number
of pixels of the first color corresponding to the first filters 1s
greater than a proportion of the number of pixels of each color
of the second color corresponding to the second filters.

According to the color imaging element o the aspect of the
present mvention, the color filters of a predetermined color
among the first filters corresponding to a first color with one
or more colors and the second filters corresponding to a
second color with two or more colors with the contribution
ratios for obtaining the luminance signals lower than the first
color are arranged on the predetermined number of vertically
and horizontally adjacent photoelectric conversion elements,
the color filter array 1ncludes the basic array pattern including,
the plurality of unit blocks arranged in the square grid shape,
cach unit block including the color filters arranged on the
predetermined number of vertically and horizontally adjacent
photoelectric conversion elements, and the basic array pattern
1s repeatedly arranged in the horizontal direction and the
vertical direction.

As a result, a process can be executed according to the
repeated pattern 1n a demosaicing process 1n a later stage, and
processing 1n the later stage can be simplified compared to the
conventional random array.

Since one or more first color filters are arranged 1n each line
in the horizontal, vertical, upper right, and lower right direc-
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tions of the color filter array, the reproduction accuracy of the
demosaicing process in a high frequency area can be
improved. Furthermore, one or more second filters are
arranged 1n each line 1n the horizontal and vertical directions
of the color filter array in the basic array pattern. This can
suppress the generation of color moire (false color) to
increase the resolution.

The proportion of the number of pixels of the first color
corresponding to the first filters and the proportion of the
number of pixels of each color of the second color corre-
sponding to the second filters are different, and particularly,
the proportion of the number of pixels of the first color with
the contribution ratio for obtaining the luminance signal 1s
greater than the proportion of the number of pixels of each
color of the second color corresponding to the second filters.
Therefore, aliasing can be suppressed, and high frequency
reproducibility can be improved.

A color imaging element according to an aspect of the
present mvention 1s a single-plate color imaging element
including color filters 1n a specific color filter array, which
includes first filters corresponding to a first color with one or
more colors and second filters corresponding to a second
color with two or more colors with contribution ratios for
obtaining luminance signals lower than the first color, on a
plurality of pixels formed by photoelectric conversion ele-
ments arranged 1n a diagonal grid shape with centers of adja-
cent elements shifted at a 12 pixel pitch 1n a horizontal direc-
tion and a vertical direction, wherein color filters of the same
color are arranged on a predetermined number of photoelec-
tric conversion elements adjacent 1n upper right and lower
right directions, the color filter array includes a plurality of
unmit blocks, each umit block including the color filters
arranged on the predetermined number of photoelectric con-
version elements adjacent in the upper right and lower right
directions, the color filter array includes a basic array pattern
including the unit blocks arranged 1n a diagonal grid shape,
the basic array pattern 1s repeatedly arranged in the upper
right and lower right directions, one or more first filters are
arranged 1n each line in the horizontal, vertical, upper right,
and lower right directions of the color filter array, one or more
unmt blocks provided with the second filters corresponding to
cach color of the second color are arranged 1n each line 1n the
upper right and lower right directions of the color filter array,
and a proportion of the number of pixels of the first color
corresponding to the first filters 1s greater than a proportion of
the number of pixels of each color of the second color corre-
sponding to the second filters.

According to the color imaging element of the aspect of the
present invention, the color filters of the predetermined color
among the first filters corresponding to a first color with one
or more colors and the second filters corresponding to a
second color with two or more colors with the contribution
ratios for obtaining the luminance signals lower than the first
color are arranged on the predetermined number of photo-
clectric conversion elements adjacent in the upper right and
lower right directions among the photoelectric conversion
clements arranged 1n the diagonal grid shape with the centers
of the adjacent elements shifted at a 14 pixel pitch 1n the
horizontal direction and the vertical direction, the color filter
array includes the basic array pattern including the plurality
of unit blocks arranged 1n the diagonal grid shape, each unit
block including the color filters arranged on the predeter-
mined number of photoelectric conversion elements adjacent
in the upper right and lower right directions, and the basic
array pattern 1s repeatedly arranged in the upper right and
lower right directions.
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As a result, the process can be executed according to the
repeated pattern 1in the demosaicing process 1n the later stage,
and processing 1n the later stage can be simplified compared
to the conventional random array.

Since one or more {irst filters are arranged 1n each line 1n
the horizontal, vertical, upper right, and lower right directions
of the color filter array, the reproduction accuracy of the
demosaicing process in a high Irequency area can be
improved. Furthermore, one or more second filters are
arranged 1n each line 1n the upper right and lower right direc-
tions of the color filter array 1n the basic array pattern. This
can suppress the generation of color moire (false color) to
increase the resolution.

The proportion of the number of pixels of the first color
corresponding to the first filters and the proportion of the
number of pixels of each color of the second color corre-
sponding to the second filters are different, and particularly,
the proportion of the number of pixels of the first color with a
high contribution ratio for obtaining the luminance signal 1s
greater than the proportion of the number of pixels of each
color of the second color corresponding to the second filters.
Therefore, aliasing can be suppressed, and high frequency
reproducibility can be improved.

In the color imaging element according to another aspect of
the present invention, 1t 1s desirable that the predetermined
number of photoelectric conversion elements include 2x2
pixels or 3x3 pixels.

In the color imaging element according to another aspect of
the present invention, 1t 1s desirable that the color filter array
in the basic array pattern 1s point-symmetric with respect to
the center of the basic array pattern.

This can reduce the circuit size of a processing circuit in the
later stage.

In the color imaging element according to another aspect of
the present invention, 1t 1s desirable that the basic array pat-
tern 1s a unit block of NxN (N: integer 4 or more and 8 or less).

In the color imaging element according to another aspect of
the present invention, 1t 1s desirable that the basic array pat-
tern 1s a unit block of 6x6.

In the color imaging element according to another aspect of
the present invention, 1t 1s desirable that in the color filter
array, the unit blocks provided with the first filters are
arranged at a center and four corners 1n 3x3 unit blocks. As a
result, the first filters can be arranged in each line in the
horizontal, vertical, upper right, and lower right directions of
the color filter array.

It 1s desirable that the color imaging element according to
another aspect of the present invention includes a pupil divi-
s1on device arranged above the photoelectric conversion ele-
ments, wherein light incident on the pupil division device 1s
pupil-divided and guided to light receiving surfaces of the
predetermined number of photoelectric conversion elements.
As a result, a number of different image data that 1s the same
number as the predetermined number can be acquired.

In the color imaging element according to another aspect of
the present invention, 1t 1s preferable that the first color 1s
green (G), and the second color 1s red (R) and blue (B).

In the color imaging element according to another aspect of
the present invention, 1t 1s desirable that the basic array pat-
tern 1s a square array pattern corresponding to a unit block of
6x6, and the color filter array includes first arrays and second
arrays alternately arranged in the horizontal direction and the
vertical direction, the first array corresponding to 3x3 unit
blocks, the first array including unit blocks of G filters
arranged at a center and four corners, the first array including
unit blocks of B filters arranged above and below across the G
filter at the center, the first array including unit blocks of R
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filters arranged on the leit and right, the second array corre-
sponding to 3x3 unit blocks, the second array including unit

blocks of G filters arranged at a center and four corners, the
second array including unit blocks of R filters arranged above
and below across the G filter at the center, the second array
including unit blocks of B filters arranged on the left and
right. The present invention also includes an 1maging appa-
ratus including the color imaging element.

According to the present invention, the generation of the
false color can be suppressed, the resolution can be increased,
and the processing in the later stage can be simplified com-
pared to the conventional random array.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a first embodiment of a single-
plate color imaging element according to the present mnven-
tion.

FIG. 2 1s a diagram showing a configuration example of
light recerving surfaces of the color imaging element accord-
ing to a first embodiment.

FIG. 3 1s a diagram showing a state 1n which a basic array
pattern of 12x12 pixels included 1n a color filter array of the
color imaging element of the first embodiment 1s divided into
A arrays and B arrays of 6x6 pixels and arranged, the diagram
also showing a method of determining a correlation direction
from pixel values of G pixels of 2x2 pixels included 1n the
color filter array.

FIG. 4 1s ablock diagram of an imaging apparatus using the
color imaging element of the first embodiment.

FIG. 5 1s a diagram used to explain generation of parallax
images. {FIG. 6} FIG. 6 is a diagram showing a color filter
array of a color imaging element according to a first modified
example of the first embodiment.

FIG. 7 1s a diagram showing a configuration example of
light recerving surfaces of the color imaging element accord-
ing to the first modified example of the first embodiment.

FIG. 8 15 a diagram showing a color filter array of a color
imaging element according to a second modified example of
the first embodiment.

FIG. 9 1s a diagram showing a configuration example of the
light recerving surfaces of the color imaging element accord-
ing to the second modified example of the first embodiment.

FIG. 10 1s a diagram showing a configuration example of
light receiving surfaces of a color imaging element according
to a third modified example of the first embodiment.

FIG. 11 1s a diagram showing a second embodiment of the
single-plate color imaging element according to the present
invention.

FIG. 12 1s a diagram showing a third embodiment of the
single-plate color imaging element according to the present
ivention.

FIG. 13 1s a diagram showing a fourth embodiment of the
single-plate color imaging element according to the present
ivention.

FIG. 14 1s a diagram showing a fifth embodiment of the
single-plate color imaging element according to the present
invention.

FIG. 15 1s a diagram showing a sixth embodiment of the
single-plate color imaging element according to the present
invention.

FIG. 16 1s a diagram showing a seventh embodiment of the
single-plate color imaging element according to the present
invention.

FIG. 17 1s a diagram showing an eighth embodiment of the
single-plate color imaging element according to the present
ivention.
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FIG. 18 1s a graph showing spectral sensitivity character-
istics of a light receiving element provided with an R filter

(red filter), a G1 filter (first green filter), a G2 filter (a second
green filter), and a B filter (blue filter).

FIG. 19 1s a graph showing spectral sensitivity character-
1stics of a light recerving element provided with an R filter, a
G filter, a B filter, and a W filter (transparent filter).

FIG. 20 1s a graph showing spectral sensitivity character-
1stics of a light recerving element provided with an R filter, a
G filter, a B filter, and an emerald filter E (E filter).

FIG. 21 1s a diagram used to explain a problem of a color
imaging element with color filters in a conventional Bayer
array.

FI1G. 22 1s another diagram used to explain a problem of a
color 1imaging element with color filters 1n a conventional
Bayer array.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of a color imaging
clement according to the present invention will be described
in detail with reference to the attached drawings.

First Embodiment

[Imaging Device]

FIG. 1 1s a diagram showing a first embodiment of a single-
plate color imaging element according to the present inven-
tion. FIG. 1 particularly shows a color filter array of color
filters arranged on the color imaging element.

This color imaging element 1 includes: a plurality of pixels
(not shown) formed by photoelectric conversion elements
(for example, photodiodes) arranged 1n horizontal and verti-
cal directions (two-dimensional arrangement); and color {il-
ters 1n a color filter array shown 1n FIG. 1 arranged on light
receiving surfaces of the pixels. One of the color filters of
three primary colors of red (R), green (G), and blue (B) 1s
arranged on each pixel.

The color imaging element 1s not limited to a CCD (Charge
Coupled Device) color imaging element and may be another
type of 1maging element such as a CMOS (Complementary
Metal Oxide Semiconductor) imaging element.

As shown 1n FIG. 1, color filters of the same color are
arranged for four vertically and horizontally adjacent photo-
electric conversion elements. As shown in FIG. 2, one micro-
lens L 1s arranged for the four photoelectric conversion ele-
ments provided with the color filters of the same color. The
microlens L collects the light flux on the light recerving
surfaces of the four photoelectric conversion elements, and
light with the light flux limited 1n different directions (pupil-
divided light) 1s incident on the four photoelectric conversion
clements. More specifically, the color imaging element 1 can
acquire 1mage data from four viewpoints.

According to the color imaging element 1, a 2D 1mage and
a 3D 1mage can be generated based on output signals output
from the four photoelectric conversion elements that receive
the light which 1s pupil-divided by the microlens L. A gen-
eration method of the 2D 1mage and the 3D 1mage will be
described later.

[Features of Color Filter Array]

The color filter array of the color imaging element of the
first embodiment has the following features (1), (2), (3), (4),
(5), and (6). Hereinatter, the color filters of the same color
arranged for the four photoelectric conversion elements that
receive the object light passed through one microlens L waill
be described as a unit block.
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{Feature (1)}

The color filter array shown 1n FIG. 1 includes a basic array
pattern PI (pattern indicated by a thick frame) formed by a
square array pattern corresponding to 6x6 blocks, and the
basic array pattern PI 1s repeatedly arranged in the horizontal
and vertical directions. Therefore, the color filter array
includes filters of R, G, and B colors (R filters, G filters, and
B filters) arranged 1n a cycle.

In this way, the R filters, the G filters, and the B filters are
arranged 1n a cycle. Therefore, a demosaicing process and the
like of R, G, and B signals read out from the color imaging
clement can be processed according to the repeated pattern.

When a thinning-out process 1s executed based on the basic
array pattern PI to reduce the image, the color filter array of
the reduced 1image after the thinning-out process can be the
same as the color filter array before the thinning-out process.
Therefore, a common processing circuit can be used.

{Feature (2)}

In the color filter array shown in FI1G. 1, the one or more G
filters corresponding to the color (color of G 1n the embodi-
ment) that most contributes to obtaining luminance signals
are arranged in each line in the horizontal, vertical, and
oblique (NE, NW) directions of the color filter array. Refer-
ence character NE designates an upper right direction, and
reference character NW designates a lower right direction.
For example, 1n a case of an array of square pixels, the upper
right and lower right directions are directions of 45° from the
horizontal direction. In a case of an array of rectangular
pixels, the upper right and lower right directions are direc-
tions of the diagonal lines of the rectangle, and the angles may
vary depending on the lengths of the long side and the short
side.

The G filters corresponding to the luminance pixels are
arranged 1n each line 1n the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array. Therefore, the
reproduction accuracy of the demosaicing process 1n a high
frequency area can be improved regardless of the direction of
the high frequency wave.

{Feature (3)}

In the basic array pattern P1 of the color filter array shown
in FIG. 1, the numbers of pixels of the R pixels, the G pixels,
and the B pixels corresponding to the R, G, and B filters in the
basic array pattern P1 are 32 pixels (4 pixelsx8 blocks), 80
pixels (4 pixelsx20 blocks), and 32 pixels (4 pixelsx8 blocks),
respectively. Therefore, the ratio of the numbers of pixels of
the RGB pixels 1s 2:5:2, and the proportion of the number of
G pixels that most contribute to obtaining the luminance
signals 1s greater than the proportions of the numbers of R and
B pixels of other colors.

The proportion of the number of G pixels and the propor-
tions ol the numbers of R and B pixels are different, and
particularly, the proportion of the number of G pixels that
most contribute to obtaining the luminance signals 1s greater
than the proportions of the numbers of R and B pixels. There-
fore, aliasing 1n the demosaicing processing can be sup-
pressed, and high frequency reproducibility can be improved.

{Feature (4)}

In the color filter array shown 1n FIG. 1, one or more R and
B filters corresponding to two or more colors other than the
color of G (colors of R and B in the embodiment) are arranged
in each line in the horizontal and vertical directions of the
color filter array in the basic array pattern PI.

The R and B filters are arranged 1n each line 1n the hori-
zontal and vertical directions of the color filter array. There-
fore, the generation of color moire (false color) can be sup-
pressed. As a result, 1t 1s possible not to arrange an optical
low-pass filter for suppressing the generation of false color on
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an optical path from a plane of incident to an 1maging plane of
the optical system. Even if the optical low-pass filter 1s
applied, a filter with less effect of cutting high frequency
components for preventing the generation of false color can
be applied, and a loss of resolution can be prevented.

FIG. 3 shows a state 1n which the basic array pattern PI
shown 1n FIG. 1 1s divided 1nto four sets of 3x3 blocks.

As shown 1n FIG. 3, the basic array pattern PI can be
percerved as a pattern including A arrays of 3x3 blocks sur-
rounded by a frame of solid lines and B arrays of 3x3 blocks
surrounded by a frame of broken lines alternately arranged 1n
the horizontal and vertical directions.

Each of the A and B arrays includes G filters as luminance
pixels arranged on blocks at four corners and a center. In other
words, the G filters are arranged on both diagonals. In the A
array, the R filters are arranged 1n the horizontal direction, and
the B filters are arranged 1n the vertical direction, across the G
filter at the center. Meanwhile, in the B array, the B filters are
arranged 1n the horizontal direction, and the R filters are
arranged 1n the vertical direction, across the G filter at the
center. Therefore, although the positional relationship
between the R and B filters 1s opposite in the A and B arrays,
the rest of the arrangement 1s the same.

The A and B arrays are alternately arranged 1n the horizon-
tal and vertical directions as shown in FIG. 3, and the G filters
at four corners of the A and B arrays form G filters of square
arrays corresponding to 2x2 blocks.

The G filters as luminance pixels are arranged on the blocks
at the four corners and the center 1n 3x3 blocks in the A and B
arrays, that 1s, on two diagonals, and the 3x3 blocks are
alternately arranged in the horizontal and vertical directions
to form the G filters in the square arrays corresponding to 2x2
pixels. The arrays satisty the features (1), (2), and (3), as well
as a feature (5) described below.

{Feature (5)}

The color filter array shown in FIG. 1 includes square
arrays corresponding to 2x2 blocks of G filters.

As shown 1n FI1G. 4, 2x2 blocks of GG filters are extracted to
calculate difference absolute values of the pixel values of the
G pixels 1n the horizontal direction, difference absolute val-
ues of the pixel values of the G pixels 1n the vertical direction,
and difference absolute values of the pixel values of the G
pixels i the oblique directions (upper right oblique and upper
left oblique directions). In this way, 1t can be determined that
there 1s a correlation 1n the direction with a small difference
absolute value among the hornizontal, vertical, and oblique
directions.

Theretfore, according to the color filter array, information
of the G pixels at mimmum pixel intervals can be used to
determine the direction with a high correlation among the
horizontal, vertical, and oblique directions. The direction
determination result can be used for a process of interpolation
(demosaicing processing) based on surrounding pixels.

When the pixels of the A or B array of 3x3 blocks are the
target pixels of the demosaicing process, and 5x5 blocks
(local area of mosaic image) are extracted around the A or B
array, there are G pixels of 2x2 blocks at four corners of the
S5x35 blocks. The pixel values of the G pixels of 2x2 blocks can
be used to accurately determine the correlation direction of
four directions using the information of the G pixels at mini-
mum pixel intervals.

{Feature (6)}

The basic array pattern P1 of the color filter array shown in
FIG. 1 1s point-symmetric. More specifically, the basic array
pattern P1 1s point-symmetric with respect to the center of the
basic array pattern P1. The A and B arrays 1n the basic array
pattern P1 are also point-symmetric with respect to the G filter
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at the center. Furthermore, the A and B arrays in the basic
array pattern P1 are line symmetric with respect to the line 1n
the horizontal or vertical direction through the centers of the
A and B arrays.

The symmetry can reduce and simplily the circuit size of a
processing circuit 1n a later stage.

In the basic array pattern PI shown by a thick frame as
shown 1n FIG. 1, color filter arrays of first and third lines
among first to sixth lines 1n the horizontal direction include
GBGGRG, a color filter array of the second line includes
RGRBGB, color filter arrays of the fourth and sixth lines
include GRGGBG, and a color filter array of the fifth line
includes BGBRGR.

In FIG. 1, assuming that a basic array pattern obtained by
shifting the basic array pattern PI by one block both 1n the
horizontal and vertical directions 1s PI' and a basic array
pattern obtained by shifting the basic array pattern PI by two
blocks both 1n the horizontal and vertical directions 1s PI", the
color filter array 1s the same even if the basic array patterns PI'
and PI" are repeatedly arranged in the horizontal and vertical
directions.

Therefore, there are a plurality of basic array patterns that
can form the color filter array shown 1n FIG. 1 by repeatedly
arranging the basic array pattern in the horizontal and vertical
directions.

In the first embodiment, the basic array pattern P 1n which
the basic array pattern 1s point-symmetric 1s called a basic
array pattern for convenience.

Although there are also a plurality of basic array patterns
for each of the color filter arrays in the other embodiments
described below, the representative one will be called a basic
array pattern of the color filter array.

[Imaging Apparatus]

FIG. 4 1s a block diagram showing an embodiment of an
imaging apparatus 10 according to the present invention.

The imaging apparatus 10 1s provided with the color imag-
ing element (1imaging device) 1 shown in FI1G. 1 and can take
a 2D 1image and a 3D 1image. A central processing unit (CPU)
40 comprehensively controls the operation of the entire appa-
ratus.

The 1imaging apparatus 10 includes an operation unit 38,
such as a shutter button, a mode dial, a replay button, a

MENU/ OK key, arrow keys, and a BACK key. A signal from
the operation unit 38 1s 111put to the CPU 40. The CPU 40
controls circuits of the imaging apparatus 10 based on the
mput signal and performs, for example, lens drive control,
aperture drive control, imaging operation control, image pro-
cessing control, recording/replay control of image data, and
display control of a liquid crystal monitor 30 for three-dimen-
sional display.

The shutter button 1s an operation button for mnputting an
instruction for starting imaging and 1s provided with two-
stage stroke switches including an S1 switch turned on when
half-pressed and an S2 switch turned on when full-pressed.
Themode dial 1s a selection device for selecting a 2D 1imaging
mode, a 3D 1imaging mode, an auto imaging mode, a manual
imaging mode, a scene position of a person, a landscape, or a
night scene, a macro mode, and a movie mode, as well as a
parallax priority 1maging mode according to the present
invention.

The replay button 1s a button for switching to a replay mode
for displaying still images or moving images of a plurality of
taken and recorded parallax images (3D 1mages) and plane
images (2D 1mages) on the liquid crystal monitor 30. The
MENU/OK key 1s an operation key having a function of a
menu button for commanding to display a menu on the screen
of the liquid crystal monitor 30 and a function of an OK button
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for commanding to confirm and execute the selected content.
The arrow keys are an operation unit for inputting instructions
of four vertical and horizontal directions, and the arrow keys
function as buttons (a cursor movement operation device) for
selecting an 1tem from the menu screen or for mstructing to
select various setting 1tems from each menu. Up and down
keys of the arrow keys function as zoom switches 1n the
imaging or as replay zoom switches in the relay mode, and left
and right keys function as frame advance (forward direction/
opposite direction advance) buttons 1n the replay mode. The
BACK key 1s used to delete a desired target of a selected 1tem
or the like, to cancel the instructed content, or to restore the
previous operation state.

In the 1maging mode, an 1mage of 1mage light indicating,
the object 1s formed on the light receiving surfaces of the color
imaging element 1 through a single imaging optical system
(zoom lens) 12 and an aperture 14. The imaging optical sys-
tem 12 1s driven by a lens drive unit 36 controlled by the CPU
40, and focus control, zoom control, and the like are per-
tormed. The aperture 14 1includes, for example, five aperture
blades. An aperture drive unit 34 controlled by the CPU 40
drives the aperture 14, and for example, the aperture 14 1s
controlled 1n six stages from aperture value F1.4to F11 on an
AV to AV basis.

The CPU 40 controls the aperture 14 through the aperture
drive unit 34 and performs control of electric charge accumu-
lation time (shutter speed) in the color imaging element 1
through a device control unit 32, reading control of an 1image
signal from the color imaging element 1, and the like.

The signal charge accumulated in the color imaging ele-
ment 1 1s read as a voltage signal corresponding to the signal
charge based on a read signal added from the device control
unit 32. The voltage signal read from the color imaging ele-
ment 1 1s added to an analog signal processing unit 18, and the
R, G, and B signals of the pixels are sampled and held here.
The signal 1s amplified by a gain (equivalent to ISO sensitiv-
ity) designated from the CPU 40 and then added to an A/D
converter 20.

The A/D converter 20 converts the sequentially input R, G,
and B signals to digital R, G, and B signals and output the
signals to an 1mage input controller 22.

A digital signal processing unit 24 applies signal process-
ing to the digital image signals input through the 1image 1input
controller 22, such as an offset process, a gain control process
including white balance correction and sensitivity correction,
a gamma correction process, a demosaicing process, a YC
process, and sharpness correction.

In FIG. 4, reference numeral 46 designates a ROM (EE-
PROM) storing a camera control program, defect information
of the color imaging element 1, various parameters and tables
used for image processing and the like, an aperture priority
program diagram, a shutter speed priority program diagram,
and a program diagram (normal program diagram) for alter-
nately or concurrently changing the aperture and the shutter
speed according to the brightness of the object, as well as a
parallax priority program diagram and the like.

The parallax priority program diagram 1s designed, for
example, to set an F value to a constant value of 5.6 (AV=5)
and to change only the shutter speed from Veo seconds (1V=6)
to Y2000 (TV=11) according to an imaging EV value when the
imaging EV value 1s from 11 to 16. When the imaging EV
value 1s smaller (darker) than 11, the parallax priority pro-
gram diagram 1s designed to change the ISO sensitivity from

100 to 200, 400, 800, 1600, and 3200 every time the 1imaging
EV value 1s reduced by 1 EV, while the F value=5.6 and the
shutter speed=l60 seconds are fixed. The parallax priority
program diagram 1s not limited to this. Since the parallax of
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the parallax 1mages from four viewpoints obtained from the
color imaging element 1 changes according to the size of the
aperture opening, the aperture opening may be controlled to
avold the aperture opening from becoming smaller than a
certain aperture opening in the 3D 1imaging mode.

The digital signal processing unit 24 executes 1image pro-
cessing according to one of the 2D 1imaging mode and the 3D
imaging mode and executes 1mage processing according to
the object and 1imaging conditions. Details of the image pro-
cessing 1n the digital signal processing unit 24 will be
described later.

When the 2D imaging mode 1s selected, 2D 1image data
processed by the digital signal processing unit 24 1s output to
a VRAM 50. On the other hand, when the 3D 1imaging mode
1s selected, 3D 1mage data processed by the digital signal
processing unit 24 1s output to the VRAM 350. The VRAM 50
includes an A area and a B area, each storing image data
indicating an 1mage of one frame. In the VR AM 50, the image
data indicating an 1image of one frame 1s alternately rewritten
in the A area and the B area. Of the A area and the B area of
the VRAM 50, the written image data 1s read from the area
other than the area 1n which the image data 1s rewritten. A
video encoder 28 encodes the image data read from the
VRAM 50, and the image data 1s output to the liquid crystal
monitor 30 for three-dimensional display arranged on the
back side of the camera. In this way, a 2D/3D object image
(ltve view 1mage) 1s displayed on the display screen of the
liquid crystal monaitor 30.

The liguid crystal monitor 30 i1s a three-dimensional dis-
play device that can display a stereoscopic image (left view-
point image and right viewpoint image) as a directional image
with directivity, through a parallax barrier. The liquid crystal
monitor 30 1s not limited to this, and a lenticular lens may be
used, or the left viewpoint image and the rnight viewpoint
image may be individually viewed by wearing special
glasses, such as polarization glasses and liquid crystal shutter
glasses.

When there 1s a press (half-press) of the first stage of the
shutter button of the operation unit 38, the color imaging
clement 1 starts AF operation and AE operation and controls
the focus lens 1n the imaging optical system 12 to come to the
focal position through the lens drive unit 36. An AE detection
unit 44 imports the image data output from the A/D converter
20 when the shutter button 1s half-pressed.

The AE detection unit 44 integrates the G signals of the
entire screen or integrates the G signals by applying different
weilghts to the screen center and the surrounding. The AE
detection unit 44 outputs the integrated value to the CPU 40.
The CPU 40 calculates the brightness (imaging EV value) of
the object based on the mtegrated value mput from the AE
detection unit 44 and determines the aperture value of the
aperture 14 and the electronic shutter (shutter speed) of the
color imaging element 1 based on the imaging EV value
according to a program diagram.

In the program diagram, imaging (exposure) conditions
including combinations of the aperture values of aperture and
the shutter speed or combinations of these and the 1imaging
sensitivity (ISO sensitivity) are designed according to the
brightness of the object, and an 1mage can be taken by the
imaging conditions determined according to the program dia-
gram to take an 1image with appropriate brightness, regardless
of the brightness of the object.

The CPU 40 controls the aperture 14 through the aperture
drive unit 34 based on the aperture value determined accord-
ing to the program diagram and controls the electric charge
accumulation time 1n the color imaging element 1 through the
device control unit 32 based on the determined shutter speed.
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An AF processing unit 42 1s a portion that executes contrast
AF processing or phase AF processing. In the phase ditfer-
ence AF processing, for example, the phase difference of the
image data in the focus detection area of the plurality of
parallax 1image data generated 1n certain blocks 1s detected,
and the amount of defocus 1s obtained based on information
indicating the phase difference. The AF control 1s performed
by controlling the focus lens 1n the imaging optical system 12
so that the amount of defocus becomes 0. In the contrast AF
processing, high frequency components of the image data in
the focus detection area of the image data are extracted, and
the high frequency components are integrated to calculate an
AF evaluation value indicating the focus state. The AF control
1s performed by controlling the focus lens in the 1maging
optical system 12 to maximize the AF evaluation value.

When there 1s a press (full-press) of the second stage of the
shutter button after the AE operation and the AF operation are
finished, the 1mage data output from the A/D converter 20 1n
response to the press 1s input from the 1mage mput controller
22 to a memory (SDRAM) 48 and 1s temporarily stored.

The digital signal processing unit 24 appropnately reads
the image data temporarily stored in the memory 48. Prede-
termined 1mage processing 1s applied to the image data,
including a demosaicing process (process of converting color
signals to a synchronous system by interpolating spatial
deviation of the color signals associated with the array of the
primary color filters) and a YC process (generation process of
luminance data and color difference data of image data). The
YC-processed image data (YC data) 1s stored again in the
memory 48.

In the 2D imaging mode, assuming that the pixels of the
blocks are A, B, C, and D as shown 1n FI1G. 2, the digital signal
processing unit 24 adds four image data of A, B, C, and D for
cach block to generate image data of one pixel.

In the 3D imaging mode, the digital signal processing unit
24 generates four image data of A, B, C, and D. When the
imaging apparatus 10 1s horizontally set to take an image, the
digital signal processing unit 24 adds the image data of A and
C to generate a left eye display image (left parallax 1mage)
and adds the image data of B and D to generate a right eye
display image (right parallax image) as shown 1n FIG. 5. On
the other hand, when the imaging apparatus 10 1s vertically
set to take an 1image, the digital signal processing unit 24 adds
the image data of A and B to generate a left eye display image
(left parallax 1image) and adds the image data of C and D to
generate a right eye display image (right parallax image). The
imaging apparatus 10 includes a sensor that detects the pos-
ture (vertical and horizontal) of the imaging apparatus 10, and
the addition of the pixels 1s selectively performed based on the
posture of the imaging apparatus 10 1n the 3D 1imaging. In this
way, a three-dimensional image can be taken regardless of the
posture of the imaging apparatus 10. When the imaging appa-
ratus 10 1s vertically set to take an 1mage, the digital signal
processing unit 24 may add the image data of A and B to
generate a right eye display image (right parallax image) and
may add the image data of C and D to generate a left eye
display image (left parallax image). The array of the photo-
diodes of the color 1imaging element 1 1s 1n a square grid
shape, and the image data can be easily added 1n the genera-
tion of the parallax images. Therefore, the noise of the paral-
lax 1mages can be reduced.

Subsequently, the digital signal processing unit 24 applies
predetermined signal processing including the demosaicing,
process and the YC process to the image data. The YC-pro-
cessed YC data 1s stored again in the memory 48.

The generated YC data of one image stored in the memory
48 1s output to a compression expansion processing unit 26,
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and predetermined compression processing, such as JPEG
(Jjoint photographic experts group) 1s applied here. The YC

data 1s recorded 1n a memory card 54 through a media con-
troller 52. The YC data of two images (left and right viewpoint
images) generated 1n the 3D 1maging mode and stored 1n the
memory 48 1s output to the compression expansion process-
ing unit 26, and compression processing, such as JPEG (joint
photographic experts group), 1s applied here. A multi-picture
file (MP file: file 1n a format of connecting a plurality of
images ) 1s further generated, and the MP file 1s recorded in the
memory card 54 through the media controller 52.

Although the left and right two parallax 1mages are gener-
ated as shown 1n FIG. 5 1n the 3D 1imaging mode, the arrange-
ment 1s not limited to this. The vertical and horizontal four
parallax 1mages may be recorded, and the 1mages may be
added as shown 1n FIG. 5 to output parallax images in the 3D
replay.

First Modified Example of First Embodiment

In a first modified example of the first embodiment, the
number of pixels of the unit block 1s different from the first
embodiment.

Since the color filter array according to the first modified
example of the first embodiment 1s the same as the color filter
array of the first embodiment, a color imaging element 1-1
according to the first modified example of the first embodi-
ment has the features (1), (2), (3), (4), (5), and (6) as in the first
embodiment. Although the first modified example of the first
embodiment will be described below, the same portions as 1n
the first embodiment will not be described, and only portions
different from the first embodiment will be described.

[Imaging Device]

As shown 1 FIG. 6, the color imaging element 1-1 1s an
imaging device, such as a CCD and a CMOS, and includes: a
plurality of pixels (not shown) with photoelectric conversion
clements arranged 1n the horizontal direction and the vertical
direction (two-dimensional arrangement); and color filters of
the color filter array shown 1n FIG. 6 arranged on the light
receiving surfaces of the pixels. One of the color filters of
three primary colors of red (R), green (G), and blue (B) 1s
arranged on each pixel.

As shown 1n FIG. 6, color filters of the same color are
arranged for nine vertical and horizontal photoelectric con-
version elements. As shown 1n FIG. 7, one microlens L-1 1s
arranged for the nine photoelectric conversion elements pro-
vided with the color filters of the same color. The microlens
L-1 collects the light flux on the light recerving surfaces of the
nine photoelectric conversion elements, and light with the
light flux limited in nine vertical and horizontal directions
(pupil-divided light) 1s incident on the nine photoelectric
conversion elements. More specifically, the color imaging
clement 1-1 can acquire 1image data from nine viewpoints.
Assuming that the pixels of the blocks are A, B, C, D, E., F, G,
H, and I as shown 1n FIG. 7, the pixel E at the center 1s a pixel
that recerves the light flux from the front side of an 1maging
apparatus 10-1 (not shown), and A, B, C, D, F, GG, H, and I
receive the light flux from other than the front side of the
imaging apparatus 10-1.

According to the color imaging element 1-1, a 2D 1mage
and a 3D 1mage can be generated based on output signals
output from the nine photoelectric conversion elements that
receive the light which 1s pupil-divided by the microlens L-1.

[Imaging Apparatus]

In the 2D 1maging mode, a digital signal processing unit
24-1 (not shown) uses only the image data of the E pixel of
cach block to generate image data of one pixel. Nine image
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data of A, B, C, D, E, F, G, H, and I may be added for each
block to generate image data of one pixel.

In the 3D imaging mode, the digital signal processing unit
24-1 generates nine 1image dataof A, B, C, D, E, F, G, H, and
I. When the imaging apparatus 10-1 (not shown) 1s horizon-
tally set to take an 1image, the digital signal processing unit
24-1 adds the image data of A, D, and G to generate a left eye
display image (left parallax image) and adds the image data of
C, F, and I to generate a right eye display image (right parallax
image). On the other hand, when the imaging apparatus 10-1
1s vertically set to take an 1image, the digital signal processing
unit 24-1 adds the image data of A, B, and C to generate a left
eye display image (left parallax image) and adds the image
data of G, H, and I to generate a right eye display image (right
parallax 1mage). When the imaging apparatus 10-1 1s verti-
cally set to take an 1mage, the digital signal processing unit
24-1 may add the image data of A, B, and C to generate a right
eye display 1mage (right parallax image) and may add the
image data of G, H, and I to generate a leit eye display image
(left parallax 1mage).

The number of pixels of the unmit block 1s not limited to four
or nine, and various modes can be used.

Second Modified Example of First Embodiment

In a second modified example of the first embodiment, the
alignment of the photodiodes 1s different from the first
embodiment.

Since the color filter array according to the second modi-
fied example of the first embodiment 1s the same as the color
filter array of the first embodiment, a color imaging element

1-2 according to the second modified example of the first
embodiment has the features (1), (2), (3),(4), (5), and (6) as 1n

the first embodiment. Although the second modified example
of the first embodiment will be described below, the same
portions as 1n the first embodiment will not be described, and

only portions different from the first embodiment will be
described.

[Imaging Device]

Asshownin FIG. 8, the color imaging element 1-2 includes
a plurality of photoelectric conversion elements arranged 1n a
diagonal grid shape. More specifically, the centers of adjacent
photoelectric conversion elements are shifted at a 12 pixel
pitch 1n the horizontal direction and the vertical direction. In
this way, the color imaging element 1-2 corresponds to the
color imaging element 1 of FIG. 1 rotated by 45°.

As shown 1n FIG. 8, the color imaging element 1-2 1s
provided with color filters of the same color for four photo-
clectric conversion elements adjacent in upper right and lower
right directions. As shown 1n FIG. 9, one microlens -2 1s
arranged for the four photoelectric conversion elements pro-
vided with the color filters of the same color. In the present
embodiment, the color filters of the same color arranged for
the four photoelectric conversion elements will be described
as a unit block.

The microlens L-2 collects the light flux on the light rece1v-
ing surfaces of the four photoelectric conversion elements,
and light with the light flux limited 1n four vertical and hori-
zontal directions (pupil-divided light) 1s incident on the four
photoelectric conversion elements. More specifically, the
color imaging element 1-2 can acquire image data from four
viewpolints.

According to the color imaging element 1-2, a 2D 1mage
and a 3D 1mage can be generated based on output signals
output from the four photoelectric conversion elements that
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receive the light which 1s pupil-divided by the microlens L-2.
A generation method of the 2D image and the 3D image will
be described later.

| Features of Color Filter Array]

{Feature (1)}

The color filter array shown in FIG. 8 includes a basic array
pattern P1-2 (pattern indicated by a thick frame) formed by a
diagonal grid array pattern corresponding to 6x6 blocks, and
the basic array pattern P1-2 is repeatedly arranged 1n a diago-
nal grid shape.

{Feature (2)}

Although the color filter array shown in FIG. 8 corresponds
to the color filter array of the first embodiment shown 1 FIG.
1 rotated by 45°, the color filter array shown 1n FIG. 8 includes
G filters arranged 1n each line 1n the horizontal, vertical, and
oblique (NE, NW) directions of the color filter array as in the
color filter array of the first embodiment.

{Feature (3)}

In the basic array pattern P1-2 of the color filter array
shown 1n FIG. 8, the numbers of pixels of the R pixels, the G
pixels, and the B pixels corresponding to the R, G, and B

filters 1n the basic array pattern P1-2 are 32 pixels (4 pixelsx8
blocks), 80 pixels (4 pixelsx20 blocks), and 32 pixels (4

pixelsx8 blocks), respectively. Therefore, the ratio of the
numbers of pixels of the RGB pixels 1s 2:3:2, and the propor-
tion of the number of G pixels that most contribute to obtain-
ing the luminance signals 1s greater than the proportions of the
numbers of R and B pixels of other colors.

The proportion of the number of G pixels and the propor-
tions of the numbers of R and B pixels are different, and
particularly, the proportion of the number of G pixels that
most contribute to obtaining the luminance signals 1s greater
than the proportions of the numbers of R and B pixels, as
described above. Therefore, aliasing 1n the demosaicing pro-
cess can be suppressed, and high frequency reproducibility
can be improved.

{Feature (4)}

In the color filter array of the first embodiment shown 1n
FIG. 1, one or more R and B filters are arranged in each line
in the horizontal and vertical directions of the color filter array

in the basic array pattern P1. However, since the color filter
array according to the second modified example of the first
embodiment corresponds to the color filter array of the first
embodiment rotated by 45° as shown in FIG. 8, one or more

R and B filters are arranged in each line in the oblique (NE,
NW) directions of the color filter array in the basic array
pattern P1-2.

{Feature (5)}

The A and B arrays are alternately arranged 1n the diagonal
orid shape, and the G filters at four corners of the A and B
arrays form G filters of a diagonal grid array corresponding to
2x2 pixels (array 1n an arrow shape with vertically and hori-
zontally adjacent four pixels).

This 1s because the G filters as luminance pixels are
arranged at the four corners and the center 1n 3x3 blocks inthe
A and B arrays, and the 3x3 pixels are arranged 1n the diago-
nal grid shape to form the G filters 1n the diagonal grid array
corresponding to 2x2 pixels.

{Feature (6)}

The basic array pattern P1-2 of the color filter array shown
in FIG. 8 1s pomnt-symmetric. More specifically, the basic
array pattern P1-2 1s pomnt-symmetric with respect to the
center of the basic array pattern P1-2. The A and B arrays 1n
the basic array pattern P1-2 are also point-symmetric with
respect to the G filter at the center. Furthermore, the A and B
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arrays in the basic array pattern P1-2 are line symmetric with
respect to the line 1n the NE or NW direction through the

centers of the A and B arrays.

The symmetry can reduce and simplify the circuit size of a
processing circuit 1n a later stage.

In this way, the color imaging element 1-2 according to the
second modified example of the first embodiment corre-
sponds to the color imaging element of the first embodiment
rotated by 45°. Therelore, the reproducible band 1n the hori-
zontal and vertical directions is V2 times that of the color
imaging element 1 arranged 1n the square grid shape. The
characteristics match with the frequency characteristics of
human vision that are higher in the horizontal and vertical
directions than 1n the oblique directions, and this structure 1s
visually advantageous.

[Imaging Apparatus]

In the 2D 1imaging mode, a digital signal processing unit
24-2 (not shown) adds four image data of A, B, C, and D for
cach block to generate image data of one pixel.

In the 3D 1imaging mode, the digital signal processing unit
24-2 generates four image data of A, B, C, and D. When an
imaging apparatus 10-2 (not shown) 1s horizontally set to take
an 1mage, the digital signal processing unit 24-2 generates a
left eye display image (left parallax image) from the image
data of B and generates a right eye display image (right
parallax image) from the image data of C. On the other hand,
when the 1imaging apparatus 10-2 1s vertically set to take an
image, the digital signal processing unit 24-2 generates a lett
eye display image (left parallax image) from the image data of
A and generates a right display image (right parallax image)
from the image data of D. When the imaging apparatus 10-2
1s vertically set to take an image, the digital signal processing
unit 24-2 may generate a left eye display image (left parallax
image) from the image data of D and may generate a right eye
display 1mage (right parallax image) from the image data of
A.

In the color imaging element 1-2 according to the second
modified example of the first embodiment, the centers of the
adjacent photoelectric conversion elements are shifted ata 12
pixel pitch 1n the horizontal and vertical directions. There-
fore, the parallax in the horizontal direction (interval between
A and D) and the parallax in the vertical direction (interval
between B and D) of the color imaging element 1-2 are wider
than the parallax 1n the horizontal direction (interval between
A and B or between C and D) and the parallax in the vertical
direction (1nterval between A and C or between B and D) of
the color imaging element 1 of the first embodiment. There-
tore, the parallax of the parallax 1mage 1s greater, and a more
elfective parallax image can be taken.

Third Modified Example of First Embodiment

In a first modified example of the first embodiment, the
method of pupil division 1s different from the second modi-
fied example of the first embodiment. Although the third
modified example of the first embodiment will be described
below, the same portions as 1n the second modified example
of the first embodiment will not be described, and only por-
tions different from the second modified example of the first
embodiment will be described.

[Imaging Device]

In the second modified example of the first embodiment,
one microlens -2 1s arranged for the four photoelectric con-
version elements provided with the color filters of the same
color as shown 1n FIG. 9. In the third modified example of the
first embodiment, light blocking members S1 to S4 are
arranged on the front surfaces of the light recerving surfaces
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of the four photoelectric conversion elements. As shown 1n
FIG. 10, the light blocking member S1 that blocks substan-

tially the lower half of the light flux 1s arranged on the pixel
corresponding to A of FIG. 9 1n a color imaging element 1-2'.
The light blocking member S2 that blocks substantially the
right half of the light flux 1s arranged on the pixel correspond-
ing to B of FIG. 9. The light blocking member S3 that blocks
substantially the left half of the light flux 1s arranged on the
pixel corresponding to C of FIG. 9. The light blocking mem-
ber S4 that blocks substantially the upper half of the light flux
1s arranged on the pixel corresponding to D of FI1G. 9. In this
way, light with the light flux limited in four vertical and
horizontal directions (pupil-divided light) 1s incident on the
four photoelectric conversion elements provided with the
color filters of the same color. More specifically, the color
imaging element 1-2 can acquire image data from four view-
points.

Second Embodiment

In a single-plate color imaging element according to a
second embodiment of the present invention, only the color
filter array of the color filters arranged on the color 1maging
clement 1s different from the single-plate color imaging ele-
ment according to the first embodiment. Although the second
embodiment will be described below, the same portions as 1n
the first embodiment will not be described, and only the color
filter array different from the first embodiment will be
described.

|[Features of Color Filter Array]

FIG. 11 1s a diagram showing the second embodiment of
the single-plate color imaging element according to the
present invention, and FIG. 11 particularly illustrates a color
filter array of color filters arranged on a color imaging ele-
ment 2. The color filter array of the color imaging element of
the second embodiment has the following features (1), (2),
(3), (4), and (6).

{Feature (1)}

The color filter array of the color imaging element 2
includes a basic array pattern P2 (pattern indicated by a thick
frame) formed by a square array pattern corresponding to 4x4
blocks, and the basic array pattern P2 1s repeatedly arranged
in the horizontal and vertical directions.

{Feature (2)}

In the color filter array shown 1 FIG. 11, G filters are
arranged 1n each line 1 the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array as in the first
embodiment.

{Feature (3)}

In the basic array pattern P2 of the color filter array shown
in FIG. 11, the numbers of pixels of the R pixels, the G pixels,
and the B pixels corresponding to the R, G, and B filters 1n the
basic array pattern are 16 pixels (4 blocksx4 pixels), 32 pixels
(8 blocksx4 pixels), and 16 pixels (4 blocksx4 pixels), respec-
tively. Therefore, the ratio of the numbers of pixels of the
RGB pixels 1s 1:2:1, and the proportion of the number of G
pixels that most contribute to obtaining the luminance signals
1s greater than the proportions of the numbers of R and B
pixels of other colors.

{Feature (4)}

In the color filter array shown 1n FIG. 11, the R and B filters
are arranged 1n each line 1n the horizontal and vertical direc-
tions of the color filter array as 1n the first embodiment.

{Feature (6)}

The basic array pattern P2 shown in FIG. 11 1s point-
symmetric with respect to the center of the basic array pattern

P2.
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The color filter array shown 1n FIG. 11 does not include a
square array corresponding to 2x2 blocks of G filters. (There-
fore, feature (5)1s not satisfied. The same applies heremafiter.)
However, the color filter array shown 1n FIG. 11 includes G
filters adjacent 1n the horizontal direction and G filters adja-
cent 1n the oblique (NE, NW) directions. Since the G filters
exist across the R filters or the B filters 1n the vertical direc-
tion, the pixel values of the G pixels corresponding to the G
filters can be used to determine the correlation in the vertical
direction.

Third Embodiment

In a single-plate color imaging element according to a third
embodiment of the present invention, only the color filter
array ol the color filters arranged on the color imaging ele-
ment 1s different from the single-plate color imaging element
according to the first embodiment. Although the third
embodiment will be described below, the same portions as 1n
the first embodiment will not be described, and only the color
filter array different from the first embodiment will be
described.

|[Features of Color Filter Array]

FI1G. 12 1s a diagram showing the third embodiment of the
single-plate color imaging element according to the present
mvention, and FIG. 12 particularly illustrates a color filter
array of color filters arranged on a color imaging element 3.
The color filter array of the color imaging element of the third

embodiment has the following features (1), (2), (3) and (4).

{Feature (1)}

The color filter array of the color imaging clement 3
includes a basic array pattern P3 (pattern indicated by a thick
frame) formed by a square array pattern corresponding to 5x5
blocks, and the basic array pattern P3 1s repeatedly arranged
in the horizontal and vertical directions.

{Feature (2)}

In the color filter array shown in FIG. 12, G filters are
arranged 1n each line 1n the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array as in the first
embodiment.

{Feature (3)}

In the basic array pattern P3 of the color filter array shown
in FIG. 12, the numbers of pixels of the R pixels, the G pixels,
and the B pixels corresponding to the R, G, and B filters 1n the
basic array pattern P3 are 28 pixels (7 blocksx4 pixels), 44
pixels (11 blocksx4 pixels), and 28 pixels (7 blocksx4 pixels),
respectively. Therefore, the ratio of the numbers of pixels of
the RGB pixels1s 7:11:7, and the proportion of the number of
G pixels that most contribute to obtaining the luminance
signals 1s greater than the proportions of the numbers of R and
B pixels of other colors.

{Feature (4)}

In the color filter array shown 1n FIG. 12, the R and B filters
are arranged 1n each line 1n the horizontal and vertical direc-
tions of the color filter array as 1n the first embodiment.

The color filter array shown 1n FIG. 12 does not include a
square array corresponding to 2x2 blocks of G filters. The
basic array pattern P3 is not point-symmetric. (Therefore,
teature (6) 1s not satisfied. The same applies hereinafter.)

Fourth Embodiment

In a single-plate color imaging element according to a
fourth embodiment of the present invention, only the color
filter array of the color filters arranged on the color 1maging
clement 1s different from the single-plate color imaging ele-
ment according to the first embodiment. Although the fourth
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embodiment will be described below, the same portions as 1n
the first embodiment will not be described, and only the color
filter array different from the first embodiment will be
described.

| Features of Color Filter Array]

FIG. 13 1s a diagram showing the fourth embodiment of the
single-plate color imaging element according to the present
invention, and FIG. 13 particularly illustrates a color filter
array of color filters arranged on a color imaging element 4.

The color filter array of the color imaging element of the
fourth embodiment has the following features (1), (2), (3) and
(4).

{Feature (1)}

The color filter array of the color imaging element 4
includes a basic array pattern P4 (pattern indicated by a thick
frame) formed by a square array pattern corresponding to 5x35
blocks as 1n the third embodiment, and the basic array pattern
P4 1s repeatedly arranged in the horizontal and vertical direc-
tions.

{Feature (2)}

In the color filter array shown 1 FIG. 13, G filters are
arranged 1n each line 1n the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array as in the first
embodiment.

{Feature (3)}

In the basic array pattern P4 of the color filter array shown
in FIG. 13, the numbers of pixels of the R pixels, the G pixels,
and the B pixels corresponding to the R, G, and B filters 1n the
basic array pattern P4 are 24 pixels (6 blocksx4 pixels), 52
pixels (13 blocksx4 pixels), and 24 pixels (6 blocksx4 pixels),
respectively. Theretore, the ratio of the numbers of pixels of
the RGB pixels 1s 6:13:6, and the proportion of the number of
G pixels that most contribute to obtaining the luminance
signals 1s greater than the proportions of the numbers of R and
B pixels of other colors.

{Feature (4)}

In the color filter array shown 1n FI1G. 13, the R and B filters
are arranged 1n each line 1n the horizontal and vertical direc-
tions of the color filter array.

Although the color filter array shown in FIG. 13 does not
include a square array corresponding to 2x2 pixels of G
filters, the color filter array includes a set of four blocks with
G filters adjacent to each other. The correlation 1n the hor-
zontal, vertical, and oblique (NE, NW) directions can be
determined at minimum pixel intervals based on the pixel

values of the four blocks. The basic array pattern P4 1s not
point-symmetric.

Fifth Embodiment

In a single-plate color imaging element according to a fifth
embodiment of the present mvention, only the color filter
array of the color filters arranged on the color 1maging ele-
ment 1s different from the single-plate color imaging element
according to the first embodiment. Although the fifth embodi-
ment will be described below, the same portions as 1n the first
embodiment will not be described, and only the color filter
array different from the first embodiment will be described.

|[Features of Color Filter Array]

FIG. 14 1s a diagram showing the fifth embodiment of the
single-plate color imaging element according to the present
invention, and FIG. 14 particularly illustrates a color filter
array of color filters arranged on a color imaging element 5.
The color filter array of the color imaging element of the fifth

embodiment has the following features (1), (2), (3) and (4).



US 9,204,020 B2

21

{Feature (1)}

The color filter array of the color imaging element 5
includes a basic array pattern P5 (pattern indicated by a thick
frame) formed by a square array pattern corresponding to 5x5
blocks as 1n the third embodiment, and the basic array pattern
P5 1s repeatedly arranged in the horizontal and vertical direc-
tions.

{Feature (2)}

In the color filter array shown in FIG. 14, G filters are
arranged 1n each line 1n the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array.

{Feature (3)}

In the basic array pattern P53 of the color filter array shown
in FIG. 14, the numbers of pixels of the R pixels, the G pixels,
and the B pixels corresponding to the R, G, and B filters in the
basic array pattern P35 are 32 pixels (8 blocksx4 pixels), 36
pixels (9 blocksx4 pixels), and 32 pixels (8 blocksx4 pixels),
respectively. Therefore, the ratio of the numbers of pixels of
the RGB pixels 1s 8:9:8, and the proportion of the number of
G pixels that most contribute to obtaiming the luminance
signals 1s greater than the proportions of the numbers of R and
B pixels of other colors.

{Feature (4)}

In the color filter array shown 1n FIG. 14, the R and B filters
are arranged 1n each line in the horizontal and vertical direc-
tions of the color filter array.

In the color filter array shown 1n FIG. 14, the R and B filters
are Turther arranged 1n each line in the oblique directions (NE,
NW) of the color filter array.

Therelore, the color filter array includes all R, G, and B
filters arranged 1n each line in the horizontal, vertical, and
oblique (NE, NW) directions of the color filter array. As a
result, the color reproducibility 1n the oblique directions can
be further improved, and this 1s a feature not included 1n the
color filter array of the color imaging element of the first
embodiment.

The color filter array shown 1n FIG. 14 does not include a
square array corresponding to 2x2 blocks of G filters. The
basic array pattern P53 is not point-symmetric.

Sixth Embodiment

In a single-plate color imaging element according to a sixth
embodiment of the present invention, only the color filter
array ol the color filters arranged on the color imaging ele-
ment 1s different from the single-plate color imaging element
according to the first embodiment. Although the sixth
embodiment will be described below, the same portions as 1n
the first embodiment will not be described, and only the color
filter array different from the first embodiment will be
described.

|[Features of Color Filter Array]

FIG. 15 1s a diagram showing the sixth embodiment of the
single-plate color imaging element according to the present
invention, and FIG. 15 particularly illustrates a color filter
array ol color filters arranged on a color imaging element 6.
The color filter array of the color imaging element of the sixth
embodiment has the following features (1), (2), (3), (4), (5),
and (6).

{Feature (1)}

The color filter array of the color imaging clement 6
includes a basic array pattern Pé (pattern indicated by a thick
frame) formed by a square array pattern corresponding to 7x7/
blocks, and the basic array pattern P6 1s repeatedly arranged
in the horizontal and vertical directions.
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{Feature (2)}
In the color filter array shown 1n FIG. 15, G filters are

arranged 1n each line 1n the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array as in the first
embodiment.

{Feature (3)}

In the basic array pattern Pé of the color filter array shown
in FIG. 15, the numbers of pixels of the R pixels, the G pixels,
and the B pixels corresponding to the R, G, and B filters 1n the
basic array pattern P6 are 48 pixels (12 blocksx4 pixels), 100
pixels (25 blocksx4 pixels), and 48 pixels (12 blocksx4 pix-
¢ls), respectively. Theretfore, the ratio of the numbers of pixels
of the RGB pixels 1s 12:25:12, and the proportion of the
number of G pixels that most contribute to obtaining the
luminance signals 1s greater than the proportions of the num-
bers of R and B pixels of other colors.

{Feature (4)}

In the color filter array shown 1n FIG. 15, the R and B filters
are arranged 1n each line 1n the horizontal and vertical direc-
tions of the color filter array.

{Feature (5)}

The color filter array shown 1n FIG. 15 includes a square
array corresponding to 2x2 blocks of G filters.

{Feature (6)}

The basic array pattern P6 shown in FIG. 15 1s point-
symmetric with respect to the center of the basic array pattern

Pé6.

Seventh Embodiment

In a single-plate color imaging element according to a
seventh embodiment of the present invention, only the color
filter array of the color filters arranged on the color imaging
clement 1s different from the single-plate color imaging ele-
ment according to the first embodiment. Although the seventh
embodiment will be described below, the same portions as 1n
the first embodiment will not be described, and only the color
filter array different from the first embodiment will be
described.

| Features of Color Filter Array]

FIG. 16 1s a diagram showing the seventh embodiment of
the single-plate color 1maging element according to the
present invention, and FIG. 16 particularly 1llustrates a color
filter array of color filters arranged on a color 1maging ele-
ment 7. The color filter array of the color imaging element of
the seventh embodiment has the following features (1), (2),
(3), (4), (5), and (6).

{Feature (1)}

The color filter array of the color imaging element 7
includes a basic array pattern P7 (pattern indicated by a thick
frame) formed by a square array pattern corresponding to 8x8
blocks, and the basic array pattern P7 1s repeatedly arranged
in the horizontal and vertical directions.

When the basic array pattern 1s divided 1nto four sets of 4x4
blocks, the diagonal arrays of 4x4 pixels are the same, and the
positional relationship between the R and B filters 1s opposite
in the arrays of 4x4 blocks adjacent in the horizontal or
vertical direction. The rest of the arrangement 1s the same.

{Feature (2)}

In the color filter array shown 1 FIG. 16, G filters are
arranged 1n each line 1n the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array, as 1n the first
embodiment.

{Feature (3)}

In the basic array pattern P7 of the color filter array shown
in FIG. 16, the numbers of pixels of the R pixels, the G pixels,
and the B pixels corresponding to the R, G, and B filters 1n the
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basic array pattern P7 are 64 pixels (16 blocksx4 pixels), 128
pixels (32 blocksx4 pixels), and 64 pixels (16 blocksx4 pix-
¢ls), respectively. Therelfore, the ratio of the numbers of pixels
of the RGB pixels 15 1:2:1, and the proportion of the number
of G pixels that most contribute to obtaining the luminance
signals 1s greater than the proportions of the numbers of R and
B pixels of other colors.

{Feature (4)}

In the color filter array shown in FIG. 16, the R and B filters
are arranged 1n each line in the horizontal and vertical direc-
tions of the color filter array.

{Feature (5)}

The color filter array shown in FIG. 16 includes a square
array corresponding to 2x2 blocks of G filters.

{Feature (6)}

The basic array pattern P7 shown in FIG. 16 1s point-
symmetric with respect to the center of the basic array pattern

P7.

Eighth Embodiment

The color filter arrays of the color imaging element of the
first to seventh embodiments are color filter arrays of color
filters of three primary colors of RGB. The color filter array of
the color imaging element of the eighth embodiment 1s dif-
ferent 1n that the array 1s a color filter array of four color filters
including E filters of emerald (E) in addition to the RGB
filters.

Although a single-plate color imaging element 8 according
to an eighth embodiment will be described below, the same
portions as 1n the {first to seventh embodiments will not be
described, and only the difference from the first to seventh
embodiments will be described.

|[Features of Color Filter Array]

FI1G. 17 1s adiagram showing the eighth embodiment of the
single-plate color imaging element according to the present
invention, and FIG. 17 particularly illustrates a color filter
array of color filters arranged on the color imaging element 8.
The color filter array of the color imaging element of the
cighth embodiment has the following features (1), (2), (3),
(4), (5), and (6).

{Feature (1)}

The color filter array of the color imaging clement 8
includes a basic array pattern P8 (pattern indicated by a thick
frame) formed by a square array pattern corresponding to 8x8
blocks as in the seventh embodiment, and the basic array
pattern P8 is repeatedly arranged 1n the horizontal and vertical
directions.

{Feature (2)}

In the color filter array shown in FIG. 17, G filters are
arranged 1n each line 1n the horizontal, vertical, and oblique
(NE, NW) directions of the color filter array.

{Feature (3)}

In the basic array pattern P8 of the color filter array shown
in FIG. 17, the numbers of pixels of the R pixels, the G pixels,
the B pixels, and the E pixels corresponding to the R, G, B,
and E filters in the basic array pattern P8 are 64 pixels (16
blocksx4 pixels), 96 pixels (24 blocksx4 pixels), 64 pixels (16
blocksx4 pixels), and 32 pixels (8 blocksx4 pixels), respec-
tively.

Therefore, the ratio of the numbers of pixels of the RGB.
pixels 1s 2:3:2:1, and the proportion of the number of G pixel
that most contribute to obtaining the luminance signals 1
greater than the proportions of the numbers of R, B, and .
pixels of other colors.
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{Feature (4)}
In the color filter array shown 1n FIG. 17, the R, B, and E

filters are arranged 1n each line 1n the horizontal and vertical
directions of the color filter array.

{Feature (5)}

The color filter array shown 1n FIG. 17 includes a square
array corresponding to 2x2 blocks of G filters.

{Feature (6)}

The basic array pattern P8 1s point-symmetric with respect
to the center of the basic array pattern P8.

Although the examples of the basic array patterns of 5x5
blocks to 8x8 blocks have been described in the embodi-
ments, the number of unit blocks forming the basic array
pattern 1s not limited to these. However, assuming that the
basic array pattern 1s formed by NxN unit blocks, 1t 1s desir-
able that N 1s equal to or smaller than 10 1n consideration of
the ease of 1image processing, such as a demosaicing process
and a thinning-out process 1 video imaging. It 1s further
desirable that N 1s 4 or more and 8 or less 1n consideration of
the ease of the arrangement of the color filters. This 1s because
if N 1s smaller than 4, conditions of the color filter array
according to the present invention are not satisfied. If N
exceeds 8, signal processing such as demosaicing becomes
complicated, and an advantageous etfect cannot be particu-
larly obtained by increasing the size of the basic array pattern.
It 1s most desirable that N 1s 6 as shown 1n the first embodi-
ment.

Modified Example

Although the example of adopting green ((G) as a first color
and adopting red (R) and blue (B) as second colors has been
described 1n the embodiments, the colors that can be used 1n
the color filters are not limited to these colors, and color filters
corresponding to colors satisiying the following conditions
can also be used.

<Conditions of First Filter (First Color)>

Although the example that the G filters of G color serve as
the first filters 1n the first color of the present invention has
been described in the embodiments, filters satisfying one of
the following conditions (1) to (4) may be used in place of the
G filters or 1n place of part of the G filters.

{Condition (1)}

The condition (1) 1s that the contribution ratio for obtaining,
the luminance signals 1s equal to or greater than 50%. The
contribution ratio 50% 1s a value that 1s set to make a distinc-
tion between the first color (such as G color) and the second
color (such as R and B colors) of the present invention and 1s
a value that 1s set so that a color with the contribution ratio for
obtaining the luminance data higher than that of the R color,
B color, and the like 1s included 1n the “first color”.

A color with the contribution ratio lower than 350% 1s a
second color (such as R and B colors) of the present invention,
and a filter 1n this color 1s the second filter of the present
ivention.

{Condition (2)}

The condition (2)1s that the peak of the transmittance of the
filter 1s 1n a range of wavelength 480 nm or more and 570 nm
or less. A value measured by, for example, a spectrophotom-
cter 1s used as the transmittance of the filter. The wavelength
range 1s a range that 1s set to make a distinction between the
first color (such as G color) and the second color (such as R
and B colors) of the present invention and 1s a range that 1s set
so that the peak of the R color, the B color, or the like with a
relatively low contribution ratio 1s not included and the peak
of the G color or the like with a relatively high contribution
ratio 1s included. Therefore, a filter with the peak of the
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transmittance in the range of wavelength 480 nm or more and
570 or less can be used as a first filter. A filter with the peak of
the transmittance out of the range of wavelength 480 nm or
more and 570 or less 1s a second filter (R filter, B filter) of the
present invention.

{Condition (3)}

The condition (3) 1s that the transmittance 1n a range of
wavelength 500 nm or more and 560 or less 1s higher than the
transmittance of the second filter (R filter or B filter). A value
measured by, for example, a spectrophotometer 1s also used as
the transmittance of the filter 1n the condition (3). The wave-
length range of the condition (3) 1s also a range that 1s set to
make a distinction between the first color (such as G color)
and the second color (such as R and B colors) of the present
invention and 1s a range that the transmittance of the filter in
a color with the contribution ratio relatively higher than the R
color, the B color, and the like 1s higher than the transmaittance
of the RB filters and the like. Therefore, a filter with a rela-
tively high transmittance 1n the range of wavelength 500 nm
or more and 560 nm or less can be used as a first filter, and a
filter with a relatively low transmittance can be used as a
second filter.

{Condition (4)}

The condition (4) 1s that filters of two or more colors
including a color that most contributes to the luminance sig-
nals among the three primary colors (for example, G color of
RGB) and including a color different from the three primary
colors are used as first filters. In this case, a filter correspond-
ing to a color other than the colors of the first filters 1s a second
f1lter.

<A Plurality of Types of First Filters (G Filters )>

Theretore, the G filters of GG color as the first filters are not
limited to one type, and for example, a plurality of types of G
filters (G1 filters, G2 filters) can be used as the first filters.
More specifically, the G filters of the color filters (basic array
pattern) according to the embodiments may be appropriately
replaced by the G1 filters or the G2 filters. The G1 filters
transmit G light of a first wavelength band, and the G2 filters
transmit G light of a second wavelength band highly corre-
lated with the G1 filters (see FIG. 18).

Existing G filters (for example, the G filters of the first
embodiment) can be used as the G1 filters. Filters highly
correlated with the G1 filters can be used as the G2 filters. In
this case, it 1s desirable that the peak value of the spectral
sensitivity curve of the light recerving elements provided with
the G2 filters 1s, for example, 1n a range of wavelength 500 nm
to 535 nm (near the peak value of the spectral sensitivity curve
of the light recerving elements provided with the existing G
filters). A method described for example 1n Japanese Patent
Application Laid-Open No. 2003-284084 1s used as a method
of determining the color filters of four colors (R, G1, G2, B).

In this way, the color imaging element acquires four types
of colors 1n the image, and color information to be acquired 1s
increased. As a result, colors can be more accurately
expressed compared to when only three types of colors
(RGB) are acquired. More specifically, visually different col-
ors can be reproduced as different colors, and visually same
colors can be reproduced as same colors (“color determina-
tion” can be improved).

Since the transmittance of the G1 and G2 filters 1s basically
the same as the transmittance of the G filters of the first
embodiment, the contribution ratio for obtaining the lumi-
nance signals 1s higher than 50%. Therefore, the G1 and G2
filters satisiy the condition (1).

In FIG. 18 showing the spectral sensitivity characteristics
of the color filter array (light recerving elements), the peak of
the transmittance of the G1 and G2 filters (peak of the sensi-
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tivity of the G pixels) 1s 1n the range of wavelength 480 nm or
more and 570 nm or less. The transmittance of the G1 and G2
filters 1s 1n the range of wavelength 500 nm or more and 560

nm or less and 1s higher than the transmittance of the RB

filters. Therefore, the G1 and G2 filters also satisty the con-
ditions (2) and (3).

The arrangement and the number of G1 and G2 filters may
be appropnately changed. The types of the G filters may be
increased to three or more types.

<Transparent Filters (W Filters)>

Although the embodiments mainly illustrate color filters
made of color filters corresponding to RGB colors, part of the
color filters may be transparent filters W (white pixels). Par-
ticularly, 1t 1s preferable to arrange the transparent filters W in
place of part of the first filters (G filters). The replacement of
part of the G pixels with the while pixels can suppress the
degradation 1n the color reproducibility even 11 the pixel size
1s miniaturized.

The transparent filters W are filters of a transparent color
(first color). The transparent filters W are filters that can
transmit light corresponding to a wavelength band of visible
light, and for example, whose transmittance of light of the
RGB colors 1s 50% or more. Since the transmittance of the
transparent filters W 1s higher than that of the G filters, the
contribution ratio for obtaining the luminance signals 1s also
higher than that of the G color (60%), and the condition (1) 1s
satisfied.

In FIG. 19 showing the spectral sensitivity characteristics
of the color filter array (light recerving elements), the peak of
the transmittance of the transparent filters W (peak of the
sensitivity of the white pixels) 1s in the range of wavelength
480 nm or more and 570 nm or less. The transmittance of the
transparent filters W 1s higher than the transmaittance of the
RB filters 1n the range of wavelength 500 nm or more and 560
nm or less. Therefore, the transparent filters W also satisty the
conditions (2) and (3). As with the transparent filters W, the G
filters also satisty the conditions (1) to (3).

In this way, the transparent filters W satisiy the conditions
(1) to (3), and the transparent filters W can be used as the first
filters of the present invention. In the color filter array, since
part of the G filters corresponding to the G color that most
contributes to the luminance signals among the three primary
colors of RGB are replaced by the transparent filters W, the
condition (4) 1s also satisfied.
<Emerald Filters (E Filters)>

Although the embodiments mainly illustrate color filters
made of color filters corresponding to RGB colors, part of the
color filters may be filters of another color, such as filters E
corresponding to an emerald (E) color (emerald pixels). Par-
ticularly, the emerald filters (E filters) may be arranged in
place of part of the first filters (G filters). In this way, using the
color filter array of four colors with part of the G filters
replaced by the E filters can improve the reproducibility of
high frequency components of luminance, can reduce the
jagginess, and can improve the resolution.

In FIG. 20 showing the spectral sensitivity characteristics
of the color filter array (light recerving elements), the peak of
the transmittance of the emerald filters E (peak of the sensi-
tivity of the E pixels) 1s in the range of wavelength 480 nm or
more and 570 nm or less. The transmittance of the emerald
filters E 1s 1n the range of wavelength 500 nm or more and 560
or less and 1s higher than the transmittance of the RB filters.
Therefore, the emerald filters E satisty the conditions (2) and
(3). In the color filter array, since part of the G filters corre-
sponding to the G color that most contributes to the luminance
signals among the three primary colors of RGB are replaced

by the emerald filters E, the condition (4) 1s also satistied.
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Although the wavelength of the peak of the emerald filters
E 1s shorter than that of the G filters in the spectral character-
1stics shown 1n FIG. 20, the wavelength of the peak 1s longer
than that of the G filters (color looks a little closer to yellow)
in some cases. In this way, the emerald filters E satisfying the
conditions of the present invention can be selected, and for
example, the emerald filters E satistying the condition (1) can
also be selected.

<Other Types of Color>

Although the color filter arrays formed by the color filters
of primary colors RGB have been described 1n the embodi-
ments, the present invention can also be applied to, for
example, color filter arrays with color filters of four comple-
mentary colors including G 1n addition to C (cyan), M (ma-
genta), and Y (yellow) that are complementary colors of the
primary colors RGB. In this case, color filters satisiying any
of the conditions (1) to (4) are the first filters of the present
invention, and the other color filters are the second filters.

Although the embodiments are used to describe the present
invention, the technical scope of the present mnvention 1s not
limited to the scope described 1n the embodiments. It 1s appar-
ent to those skilled in the art that the embodiments can be
changed or improved in various ways. Furthermore, the
present mvention 1s not limited to the embodiments, and 1t 1s
obvious that various modifications can be made without
departing from the spirit of the present invention.

What is claimed 1s:

1. A single-plate color imaging element including color
filters 1n a specific color filter array, which includes first filters
corresponding to a first color with one or more colors and
second {ilters corresponding to a second color with two or
more colors with contribution ratios for obtaining luminance
signals lower than the first color, on a plurality of pixels
formed by photoelectric conversion elements, wherein

color filters of the same color are arranged on a predeter-

mined number of vertically and horizontally adjacent
photoelectric conversion elements,

the color filter array includes a plurality of umit blocks, each

umt block including the color filters arranged on the
predetermined number of vertically and horizontally
adjacent photoelectric conversion elements, the color
filter array includes a basic array pattern including the
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unit blocks arranged 1n a square grid shape, the basic
array patternis repeatedly arranged 1n a horizontal direc-
tion and a vertical direction,

one or more first filters are arranged 1n each line 1n the
horizontal, vertical, upper right, and lower right direc-
tions of the color filter array,

one or more second filters corresponding to each color of
the second color are arranged 1n each line 1n the hori-
zontal and vertical directions of the color filter array, and

a proportion of the number of pixels of the first color
corresponding to the first filters 1s greater than a propor-
tion of the number of pixels of each color of the second
color corresponding to the second, wherein

the first color 1s green (G), and the second color 1s red (R)
and blue (B), wherein

the basic array pattern 1s a square array pattern correspond-
ing to a unit block of 6x6, and

the color filter array includes first arrays and second arrays
alternately arranged 1n the horizontal direction and the
vertical direction, the first array corresponding to 3x3
unit blocks, the first array including unit blocks of G
filters arranged at a center and four corners, the first
array including unit blocks of B filters arranged above
and below across the G filter at the center, the first array
including unmt blocks of R filters arranged on the left and
right, the second array corresponding to 3x3 unit blocks,
the second array including unit blocks of G filters
arranged at a center and four corners, the second array
including unit blocks of R filters arranged above and
below across the G {ilter at the center, the second array
including umt blocks of B filters arranged on the leit and
right.

2. The color imaging element according to claim 1, com-

pPrising

a pupil division device arranged above the photoelectric
conversion elements, wherein

light incident on the pupil division device 1s pupil-divided
and guided to light recerving surfaces of the predeter-
mined number of photoelectric conversion elements.

3. An 1maging apparatus comprising the color imaging

clement according to claim 1.
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